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PREFACE

This report was prepared by the Military Products department
of Texas Instruments Incorporated, Dallas, Texas, under Air Force
Contract No. F 1 9628-78-C-0205. The contract was monitored under
the technical direction of Walter M. Shedd, RADC/ESR, Electronic
Systems Division, Air Force Systems Command, USAF, Hanscom
AFB, Massachusetts.

R&D Status Report Nos. 1 through 7 cover work performed
inder this contract from August 1978 to May 1980.

Key Texas Instruments personnel are Mr. Curtis Randolph,
Program Manager: Mr Edward Jeffrey, Radiation Hardened Circuit
)esign Manager: and Mr. C. C. Shen, Device Processing. Silicon

Materials department (SMDI) key personnel in the material
improvement phase are Mr. Lee Jones, Advanced Products
Engineering Program Manager, Dr. John Robinson, Manager
Development Engineering: and Mr. Mike Miller, Product Engineer.
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SUMMARY

In the production of the 2-inch dianicter I')I(A material, there were no obstacles encountered
that were beyond the control ol currcnt processing proccdurets. At ie first polish step, the anticipated
dish was present, but its magnitude did not preclude the required level of single crystal thickness
control. Slice bow decreased that control, hut the amount of how encountered on 2-inch material
falls within routine process capabilities.

Forty-six PEDI(" wafers were used to fabricate the quad 2-input NANI) gate (MPD 11269),
which verified that the process has production capability. Twenty fully tested devices were delivered
in addition to 25 basic PEI)I(' wafers.

A comparison of the modified PIIDI(' process with the standard single and double poly processes
is shown in Table 1. The advantage of epi thickness control and surface quality of the PEDIC
process over the standard single poly process allows a much improved radiation tolerant process to
be used to fabricate integrated circuits. A 2X improvement in gamma dot threshold is estimated,
as well as a lOX improvement in neutron tolerance if a shallow base ion implanted transistor process
were used.

In order to realize the miaximulm gain from applying the Pl[DlC process for improved single
crystal thickness control in D! material, the process must hc extended to 3-inch material. The
greater degree of bow and nonuniform deposition across the larger slice will require additional
development, but the increased control to peripheral surface of the larger diameter would justify
the effort.

Table 1. Die Process Comparison

Single Double Modified
Factor Poly Poly PEDIC

(nn') Layer Thickness '0.15 mil -0.2 mil .0.15 ml

Surface to n+ Thickness '0.2 mil 0.05 mil 0.02 mil

Slice Bow 1.5 mils (2-3) mils 2 mils

Usable Area 70% 50% 80%
Up-Diffusion Uncontrolled Significant Insignificant

Surface Quality (Min, Junction Depth) 1.4 Mm 0.25 mm 0.25 pm
Material Lead Time IX 1.5X 0.8X

Material Cost 1 X 2.5X 1 .5X

Final Bar Cost 1 X 2.4X 0.6X

Useful Circuit Designs 80 % 100 % 100 %

l'7
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SECTION I
INTRODUCTION

The objective of this program is to develop a di eccirically isolated integrated circuit process

suitable for the l'abricaltion of radiation hardened integra ld circuits. lhe process provides a
substrate consisting ol layers or n silicon ( collector)i Oiu siliconl Iburied collector) oil silicon

dioxide (instlator) oil polysilicon (nechanical srupportl. Thcse lavers require thickness and

resistivities appropriate for the l'a rication of bipolar digital integrated circuits. In addition, the

process yields a substrate (iwafer) which is not dependent on the particular integrated circuit to be

fabricated. Final isolat ion occurs a' the start o1 specific circuit processing.

This program investigates and compares present hipolar dielectrically isolated processes. This

comparison considers the uniformity of device pocket depth and resistivity across the waler, the

degree of wafer bowing, usable wafer area for device processing, and surl'ace quality o01 the wafer.

As a result of this investigation, an improved process for the fabrication of dielectrically isolated

substrates that offers improvements in control for collector depth and out-diffusion, of the buried

layer has been defined. The usable area of the wafer is an improvement over present processes. The

level at which it is economically feasible to standardi.e the I)1 wfer is determined. and the possibility

of extending the bipolar )I technology to large-scale integration is eviluated.

The improved dielectric isolation process is evaluted for inpr)vcOenlet ill the nuclear radiation

hardness of circuits fabricated in the substrate. Tolerance' to neutron radiation and upset caused by

transient ionizing radiation is considCred.

Test lots of dielectrically isolated substrates verily the prcCss that Can be used for the

subsequent production of integrated circuits.

The quad 2-input NANI) gate integrated circuit is used a, a test vehicle. and is fabricated in the

dielectrically isolated substrate to demonstrate that IWs call he built in these substrates.



SECTION II
TECHNICAL DISCUSSION

A. PRESENT DI PROCESSES

)[ processes may be divided into two melhods : (1) precision grind, lap, and polish, and
(2) double poly. [ach method has its ownl advanitagcs and disadvantages, as related to device

performance and to problems of substrate falbrication. The materials have been primarily I1001
and I I III orientation Si, with early work using [I I I I because of its conunon use at that time.

('urrent work uses primarily 11001. The preference for I 1001 is due to a combination of the
fourfold symmetry of the 11001 system and the fast orientation-dependent (01)) etching in the

11001 direction, which provides built-in process control.

1. Single Poly Process

The precision grind, lap, and polish process (sometimes referred to i, single poly) with an
n+ buried layer to reduce collector saturation resistance is shown in Figure 1. An oxide is grown on
the substrate, whose resistivity is determined by the desired collector resistivity, and windows
opened by conventional photolithography. These windows allow the isolation moats to I, etched,
Usually with an orientation-dependent etch that attacks the silicon in the 11001 direction as much
as 100 times faster than in the I 1 111 direction. Thus, the cross section of an etched groove will
appear triangular, as shown in Figure I, it the mask is aligned on the slice so that the grooves are
parallel with the traces of the [1001 system in silicon. A djacen t sides of a rectangular mask can be
aligned with the traces of I I I11 I planes on the I1001 surface so that square or rectangular arrays of
groovcs can be etched. l)ue to the lare difference in etch rate in the 1 1001 versus I I I I I directions,
when the etch reaches the I I I 1 I plane intersecting the I 1001 surface at tie edge of the mask, the
etch rate becomes less than 0.03 umi/min and for practical purposes, etching stops.* Since tile
1111] planes intersect the 11001 surface at a fixed angle (54.74 degrees), the width of the oxide
opening determines the depth of the 01) (isolation) etch moat. After the isolation moats are etched,
an n+ diffusion or a heavily (loped epitaxial film may he deposited across the entire surface. A
thermal oxide is then grown across the top of the wafer. This oxide becomes the isolation between the
single crystal and a polycrystalline silicon layer that is added next. The thickness of this layer is
approximately elual to the thickness of the original slice, in general 15 to 20 mils. The polycrystalline
silicon deposition can be made in a conventional epitaxial reactor using a silicon halide-hydrogen
reduction process. For example, 10-mole-percent (Im-'; Sil (13 in hydrogen at 11 50' , gives a
deposition rate of about 10 pm of polycr ,,h11 tie kilicon per minute. After the polycrystallinc
silicon is deposited, the poly surface is ground on a Mlanchard or similar type surface grinder to
re-establish parallelism between the top of tile slice ( po1 crystalline silicon) and tile bottom (original

*1 lie clectjive imisk undv1ttillio .fid fit llk;liiitd dcit1 WIc i ll Iti, 'i- li t .1 l llll it' i111 111-1 i 1 A I . c til it I
1

hV nisk i aillcld
(I i i r,kc,

,1JJ4]
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til i,, presenrt ott the ifil cr5 statl s ic. tlIc 11i urt i I i c w ilimc is t) ili Itc NI I Lc to st"I I wet 1

ol [I hc -,ri tidci:1 chuk . I lic N i-iCc IN tlii I ~It'l 'II l'tC J1kIIIIC 0u t 1r oriji'ri sibsttlitc is, vioilild hack tar ciioriet
to rces cal tie isoLa ttori o\ de it thre dcecsr thickntCss itud eat tt I Msi li 11iia\ be Itile scitb lie Ii n Idt

ttic Sjililecr i Islands oh siliconl. arid tlieuI potishecd. Aftcr potilih tfice slice is rca.,dx br icmttiloul
tLcs ice processinge c\ccpt thait tile isOlatiOnl rhiflisioii ',ltps arc clitiited. In tile pIocess. dIC"CribC&l

in fl sirlface colicetor conltac:t is pros dcii b\ tire epi oir diffursed nt+ filti.i It :I buied taxer Of nI4

nriat1eriat1 is deCsiredL tha',t does niot contact the top surlface. ttic cpi or Ll itSioni fllx he pecrtornicd
prior to step (h) in tie process. Ii t11A case. tice iSOLatioll MOats ar1C etched through1 tile buried taxer.
thus leaving it across tilie hottotti ot' the finial isolated tank. Tlie precision grind anrd polish proceTSs is

tairly simple cormpared toi other prIoce1SCSe hUt tie titil srticis tleiretatiicall polished and tice
ui iormjty ot' tile n-la) cr tlicktcss, acros Ilc NliLC is dctcriniicd 1 h w neaV Irly parallelIC tire finllj
suu-ta ce is (alter- tip1 and p)Olish) \\ith tile or11igin l ott.

2. Double Polv Proccss

Fle rc Nhl\ N~ s I thic I-\ soievi~ i itutl tIL L t tt it ith ite1 pirts Irt1LNN 1i i irtlcrstaittl t his
process, skip to Ntcp i d) ill thc ituuir m' itt 11 IlitlCct 10 tthc itrorircilt 1t1Ci rlild 1ItIdlicaOrs inICTIo0icdt III

steps (bh) and cV.) An nl-cpi f,1i ltic thiickness and risistyt tlctcrmuiiicd h\ the cotllectoir parameters
of' the des ice or circuit to he ta hriWckuted u', depIosited oser the Ill skIhstlrate. Anl Sit) Ilax er calle thle

separatitoni ox i de c ,-ro\\ ii or reactor deposit ed across tice ep i smt ac. N\ t. a ternporar\

polycrystallirie silicon la, er is crown oser tire oside. Ihre slice, is inserted aid proiirtt and polished
back to a thickness eiqual to that o(ith Il epIi layer pluIs A NtitahIC ;uiiuonnIt Of' r1. A\t tisl, loirit a1

problem arises. Unless groat care Is, taken Ii keepingt track (it rcelrerice surfaccs arid thle amlounit of'
material rem~oved. thicre is rno svavy of' kiiowine whein to stop lappirig. To assist inl this. the thickness

indicator grooves shown inl steps I b) and 0,')I o1 liieur 2 are Used 'When tire gidror pol0isher cu1ts
through to these grooxes and the beconne vii lth opcailor, 1 1n stopl2 gIrilr IHor polishiing. There
will noiniamll be a series of' groose s of' iri0ccAS11ir t ldtpl tti assist Ili more ac curate control. A.ssumitng

rno mask undercutting. the depth Iit) of arn indicator -noome is h\ ci i

(I - (W 2) tanl 0

where WV is tite width (it thle 11iiask tupciiri anld 0 is th111C ctl'apihrat II'J 1latt makes
withi the suirface 154.7 decre-es for a I 10) surf'ace- , I \ picaill\ . sI\ to Citilut uleptlus will be lused ill an

array, and (lie array will he placd ill Iis. cplisititurt ot er thre slikcI oule ptil. proccNss or inl cacti
circ~uit bar for sinlgle pots processiiig.

Ox ide is therrrtitll grown or deposited aIcross tile sluitLucc Flue oxide is Ope ned for Isolatiori
m-oats ats ill tile single polv process. I loweser. itt tis ca,,i tire ruirat depth swill riot be deterrminedl by
tile oxide opening. but b\ tire distance to tire separaition txiute ..- \ isolatiort oxrdec Is then t lrcririallY
grown or vapor deijOsi tedI A second( polx sii coil i' posi tirtl is irade over tilie isoihtIionl ox ide. I-le
slice is then inserted arid tile first potx' sili-onl tryer is gisiuurd. p)olisIed, aridl Or d1cri'iall etched

back to thle original epi filml SUrtace xvii I is prote, ted h\, the separation m\ide. As cart he seert inl
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lFii.ure 2. (ilk lVresulting 1,truckture is, a diclt~rically isolated L-pita'\ial 11111i Al'Ox an 10 buried taxer. '
Iblis process IS Used inlcse wherek vvrx exact Control of tile wllcctor- thicknfess is reqliiiret. It is long,
andk COStl\ n pill i)-0des J '!00od hira r tlie labrication oI* shallow devices since thiey ar forned

iiall 1 epitaxl ilit t1hat1,(111 0 has1 tbeiStiblectedl to iiicliaiiical or wel cliciiical p~rocessing.

B. STATEMENT OF PROBLL:M

D~ielectric isolation hias been Litili/ed tbr over a klccadle to provide electrical isolation between
componentsCH during radiationi exposure. Thie single poly ) strlicture is presently iilihiied tor over

9)0 percent of' all D)1 designs, and hias moved qu ite f~ar down thek lea -1inl ogCiirve. iI o\xx cr. there are
several problems inheren11t with t he single poly process elf'. First. t here is I lie nesICt 1(1 ol' pocket
th ick ness control specifically, control of tile n layer thIiick ness to the nt' ho nied Liver. Second. thle
stirtace qlual ity onl chieinical-mlechianical polislicd sourfaces is poor evein With Zit anaditionl F lf( 1
chemical etch-l. Third. the turnaround time is excessively long f'or new D)1 Mask chanlges.

T'he first probleml xvas solvd bly don1.l6e poly Material to some ex teiit since an epi laiyer of' well
controlled thickness is n tilized. FHowever. the overall surface to 11+ distance may vary considerably
becaulse of, 11+ u p-d i fhlsi)on douring tli second Iiigm-t em pentore polysi li~oii deposition. Blet ter control
is required oni both (lhe n laver and thle total i pocket thickness Ibr switching charaicteristics
ais well as, raidiat ion response.

Thle second probleni was partially solved by using a chemical etch prior to first ix idaltionl
h'ollowed b\ a stress relief' process consisting of' a first oxidation: a hligh-tem perature anneal whiich
aictivates. dIep disloc.ationls a stress relief OR whielh givcs d isloca tion pinl sites and a1 second ox idat ion
whliich mobil izes the surf'ace detfects so that t hey imiigra te to thle corniers of' the stress relief' pa tierii
\% here theN are pin ned away from active in Olct ions. The stiriace quality is adequate for manly
applications, but M SI dev ices w ithli inoct ions (of' less than 1 .4 pml inl depth run low yields. H-owever,
double poly solved th is problem with a p~olish-free surface. wh ichi allows 0. 25-pmi junct ion dlexices
ta be readily fabricated.

The third problem is inherent to thle early dedication of a D)1 isolation mask to a givenl substrate.
The double poly material is even worse.

The effort described by this program t) solve thle preceding probletms demionst rates the post-
epitaxial dielectrically isolaIted cirL uit ( PF~DI('. first describedl by Motorola, which has been modified
to mneet broader wal'er processing constraints which will be required for wider usage by various
seiiiconi(,wteor vendlors.

C. THE POSI-EPITAXIAL D)IELECTRICALLY ISOLATED) CIRCUIT PROCESS

The PF IC struct oire begins %vitli a (Vocliralsk i grown ( 100) ( +0. 5 degree)I ant Iinon subst rate
with anl n-type resistivity of O.OOX to 0.020 oli-m-n. Thiickness is controlled to 2 1 ± I i . The mlost
critical subhstrate paramieters arc bow and taper: these are controlled within 0.3 mil.

Initial oxidation, as showni inl Figure 3 a) is accom plishied in a Thernico Brute A merican XI-
furnace. Thie oxidation ambient is steami at I 10O0( to a thick ness of' 10.000 4 500k. Oxide thickness
monitoring is accomplished using at Nanonletrics M icroarea Film Thickness ( iauge. Fine control of'
the initial oxidation thickness will miniizie errors in depth indicator width variations due to ox ide

.7



(a) OXIDIZED STARTING WAFER

(b) DEPTH INDICATORS ETCHED
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(c) SiO2 GROWTH AND POLYSILICON DEPOSITION
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thickness %ariations, Willh a icstiltliit f'iner control oI" the I iiiai (M)I etcI~ed depths. Oxide palteriing
is donle uising. conventional phiotolithographic andI oxide. echiiig techliijtes inl a (Class 100 VI I:
cleanrooin environmnen t. D ep th in d icator,, are defined ai, in FIiorc 3t h) ti sing a potassium hydroxide

selective 01) etch Wvillh resulti ng, V-chann111els houinded h (1 I It pla-ns. ( hannel ref'erence depthus of
0.(, ±0.1 miil is targeted inl ive hoe tiois oil each stistrate (FwurOv 41.

Figuire 4. Depth Indicator Location on Wafer

Subsequent to thle depth inldicaltor detilition., aI uiflorm isolation oxide is grown over the
complete substrate, using the previoulyl discuIssed oxidation conditions. This isolation oxidation is
followed by a I 200'C perchloroetlivlene gettering process to remove oxidation-induced stacking
faIt ts nd dIislocation loop1S. Thiis procedure iniin iii/es device leakage currents associated Withi
oxidation induced material def'ects.

Thie initial polysilicou deposition is made(I, as shownl inl FigUre 3t o. to a controlled thickness
of 20 ±2- i s. Subhst rate warpage is red uiced bV t heII vCv clinlg filie p)oNlvi ion reactor Witt)
optimized time rates of' tcniperiltore change.

Thle polvsilicon final thiickness def'initionl is dIone tising standaird planar grinding techniques.
Thle n+ layer thickness is deli ned using an iden tical planar grindine2 proced tire coupled Withi precision

lapping andI polishing. Ihle single array St rashauglh polishingL techiniqute, developed uinder the A FMIL
con tract (to i mprov'e sta ndard D)1 ) is applied to aclicvc '0- I -inil control of' the n1+ layer thIiickness.

as shown in [iguirL 3(c).

Any residual tlaniage from thle cleuci-ehai~hpolishing is removed during the epitaxial

deposition process hly a predeposition IlI( vapor etch. Tle epitaxy process is done uIsing al
dichlorosilane process in an A pplied Materials Model 7000 epitaxy reactor. Reactor temperature
is 1 090o ±50 C, and the reactor design.I aissumesI a slip-tree epitiuxial layer. Thle epitaxial filmn is
6.3 ±0.4 jim thick anud 0) 3 10.03 olini-cm resist iv it. 'The ox idmition fbOr storage and/'or final device

pat terninig is 1 .0 ±0.05 piml thi ck . m id processedl itleni t i ly to t(lie previous ox idat ion steps, as is
shown in Figure 3(1ft.



The result o" mnateria proc i ilh 10 fhill', I) is I, linchI L-01ntiol sili'onl 11 oil ll* stlIbtraic.
w~hich controls not only the thikes 0l 11iC cpIt;ixial li\ Cf. butl [1l. total inl1 tilb. depth. *1 tic
tightl\ controlled it laver :ilosvs tot hicticr control of device cctricail pjiraniters, anld aWell
established alte Im R1 5s. HiC tielt01110 (oiu11i 111n tli lJ\isr ttiickiicss iltipro' es thle total cotrol ot
Co~llector resistance miid oil pIlitocuiIciCI1111 cud111C, to oliIi I tie c iiibinliti 'i iL'5ill5ini: 5 llicn

imiprovsemient inl both dtesigin Lcaliil S Ik rad allloi liui I less, ivct:hit llt\ III add ition, 11ie1C Ia
surface ha~s not been incclaiiicalllv daiua1ed h\ polishin1g. midt ,hldt. therefore. lbe coiiparable to
double poly surtkices. which ;ihm liss th ricatui of' Uht:rshiiltow ion imiplkintc.d itransistor 'tit~Uurcs
(< 0.4 pil deep bass which liaxic nlili'sliAtcd orders 01 iiLlieitc increases, inl radliationl toter-iiicc,

t.p i tu his point ill mlatcria spt cs n.te ubt "t is ilCpiCidCIit 0I tic I)1 Or xiMI lJ\UIi
design since no device patterns" ItarC l'CCI iiiwiporitcd into theC struk nrc. I lis, allows- tot ai ica\
supply ol epitaxial nbstsraitcs, tot D)1 :Ipphic :itiouiswnc cnts,1 oilOf (10 p)Icrccn (if file icquiircd ni~itcrials
t'abrication time bel'orc cominiitnlicnt to a1 spendll d0,cC &ic 12e lsu' gciticr\ o, i cqiuird, 'I lis, aillows for
qtuicker tuirnarou nd on new " dcsien as l ;1c '1 a"a[t1v bst rA Ic ost on11 :c a imhcr (it' critical
epitaxial resistivityith ickiicss raneCs Iuavc teen1 cst~ilICd tot- VOILIIIC production. 'I fie pro'.ccsngi
alt this p)oint is alSO SutliciCIit tor large suihstrate fabric-ation ( 3-inch DI 100 nim. CIL'.) iat better
yield capability than prescntl\ available.

Final device and circniit definition is, initiated by paticrning tilec isnition lescl and seCle~ i\ L-I
etching thle nll+ material. Fil-uirc 5t0), tisini aI potassium hydroxide 01) etcliant as, previously
described. I I' a wraparotn (d n4 colIlectIor shid htI(IIe re(tuiredl. a short dIe)ositI ion] c-\ cC COnIId( he IddedC(
ait this pioint. Thie %I.\ desiun ti tihii cd inl this iac iv it does, not requLire suich an exotic process,. Whle n
the singl-,e crNystal islands have been etchedl the DI prces ay ble tinali/ed h\ aplkinge either al
comnposite S iO,/S i;N 4 paSsi at I in seiine or an Si() pas~sivat Iion 1a) er. Jch )has itIS deVice Jfabr)icat Iion

p)rocess, flow reuireiments. The SiO, laver was selected for this activit\ , bcane the Later process inlg
Seqn~ences had demonstrated that therimal stress inuiitcedl cracking oI1 Si- \N4 lyers katised hY thle
'parrot's beak"' effect. Other wajfetr ari-cition process t'losvs. suich as, thle all-iiiiplainted transistor

process 1lows. cotild Lli hi/c tile S i( )/Si N .1 St rn ,ct Ii to gr a avatage. Ficiure 5St "'lsows thle
modified PFI~IC structure Withi a dielec:tric la-Ier pro-Vidine thle sideCwall isolationI. The Siot ve is
1.0 ±0.05 pml whereas the Si( ,'S iiN4 compol~ksitC Wonlld IrCkqnire 0.1 - ±0.02 pml thickness achlicx ed
through the reaction of ainnonia Witl li ciluorosilie. [lie nitride laver properties arc I.()- to 2.05
index of' retraction with an etch rate ot' 7 to) 13 A 'mmin 2'( buffered I F.

T[le final steps bet'ore dev ice f'abrication are polysiliCOii fill an1d shape) back. The polysilicon fill
process. as shown inl F ige i5(c), is a low-tem per; Lre process whiiclh in imni/es sl ice wairpage and
ini, up-ditluision. D~eposition rates of" 0.54 pmn"mm are achievable at 900"U . Jie total react inn litime
is approximnately 50 min. [Ilie precision grinding and polishing advances attained under tile AI II
con tract are Litil ized f*or thle finalI poly silicoii shape) bMa. Figure 5(d ulI hows tile fi nal PHU I strtictutre
before device fabrication.
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D. TEST CIRCUIT FABRICATIONI The MPI) I I1209. a quad 2-input N ANI) gate integrated circulit (Figure 6i developed for the
NIX AGS program. was used as a test eli id to demonstrate fabrication feasibility onl thle mo1dified

P1-Il( substrate. The process is low power Schottky and identical to thle staindard flow uIsed onl thle
single poly version. Thle process flow is shown in Figure 7. No changes were made to the photomask
tooling except for thle solation due to the Iron t side isola tion requirement of tilie PtIl( process.

E'leven P1I )l( Nalc, ere r processed out of' the Iron t end and into0 in n1t iprobe. Both ac and
tic testing were performed it 2'5'( and 1 5C lie overall 0ield was 5."'. .A maior yield loss
occurred dute to echedci channecls al~ong the isolationl ox ide. T[his occurred becauise single poly
isolat ion design tole railkec (Isolat ion to stress relief 0.R. separation) was not comnpat ible with ile
f'ront side PUD:IC isolation. A' norinall allowable miisalignment caused thle stesrelief' O.R.
definition to he exposed along thle isolat ion oxide. At ox ide removal, the isola t ion omxide was etched
belowk thle su rface, causIing a chian nel effect (see Ekiure X). Thiis is easily rec itlied by allowing more
separation bet ween isola tion and ( . R. del'iiiit ions.

A test su tiiiar% of'I lhe P1I'Vl( strutcturedl 2-input NAND1 gate circuit wi th coimparison data to
standard D)1 is shown in lale 2. I.vaLltionl of' thle processed PE h)IC lot indicated transistor gainl
(III~ I Iwas onl the lo\w side. I1 in min imunm transistor gain process goal is 60. iranlsistor gainls f or thle
PEDfIC lot \%ere around 4t).
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INCOMING MATERIAL: (100) n-DOPED 0.25-0.35 ohm-cm
n+ As-DOPED < 15 ohm/sq

QA VISUAL INSPECTION

OXIDATION: 11000C 6.8KA, ANNEAL 12500 C

STRESS RELIEF O.R.

2ND OXIDATION: 110000C 6.8KA

n+ O.R.

n+: (POCI 3 ) 2.5 ohm/sq, 6.82 pm, DEP 10000 C, DRIVE 12500C

BASE O.R.

BASE: (BN) 150 ohm/sq, 1.7 pm, DEP 9600C, DRIVE 11500C

EMITTER O.R.

EMITTER: (POCI 3 ) 8 ohm/sq, 1.35 gm, DEP AND DRIVE 10000C (NO STEAM)

RESISTOR O.R.

RESISTOR IMPLANT: (B11) 1000 ohm/sq, TCR = 2000 ppm

RESISTOR DRIVE: 1050'C

CONTACT O.R.

GA VISUAL INSPECTION

O.R. PROBE: HFE = 60 - 120, BVCEX >12V

PtSi

TiW

Al

GA THICKNESS VERIFICATION

LEADS ETCH

SAMPLE PROBE

LOW TEMPERATURE Si3N4

GA THICKNESS VERIFICATION

Si3N4 ETCH

GA VISUAL INSPECTION

BACKGRIND

BACKSIDE Au

MULTIPROBE

TO ASSEMBLY

Figure 7. Proces,, Flow (MPI) 11269)
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Fig(irc Se X. ,tched Channel in Isolation Oxide

Table 2. Test Sunmary of 2-input NAN) Gate (MPI)I 1269)
PEI)IC Structured Vs Standard )I

"25
°
C 125

0 
C

Parameters X Std. Dev. X Std. Dev. Units

VOH PEDIC .297 0007 29, 0 0; V
SW D. 3.03 0.04 294 0.1(0 V

VOL PEDIC 0.235 0.005 0.209 0.004 V

SD.I. 0.230 0.006 0207 0.008 V
VOLS PEDIC 0.149 0.002 0.109 000? V

SD.1 0157 o.o4 0111 0006 v

VIC PLDIC 1.07 0019 1.01 002 V

SDI 0981 0 019 0 99 0018 V

fill Pf 'IC 0 003 0 0 V PA

S DI 0 0.15 (1 0.1 mA

it PEI)IC 0 3,10 0.010 0 f71 0010 mA
S.l.. 0.2/1 0.013 0219 0011 mA

los PEDIC 32.3 0.9 30.s 0, 7 mA

S.D.I 36.8 4 1 34.5 4 05- mA

ICCH PEDIC 1.48 0.01, 1 41 0 19 mA

S.D.I. 115 0.118 0936. 0 111 mA

ICCL PEDIC 6.43 0.18 58/ 0.17 nA

S.D I. 520 0.346 4 3C 0321 mA

Tpr)tL PEDIC 13.5 021 13 3 044 "1

S.D 1 11.3 0.69 128 0 13 n

TPDI H PEDIC 7,55 0.12 8 9 0 13
S.D.I 535 0.28 /06 0.!) ns
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